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® Well d^ta transmission system using a magnetic drill string. 



® A well data transmitting system for use in trans- 
mission of a data signal representative of a drilling 
parameter sensed by a sensor in a drill string of a 
magnetic material at a bottom of the well drilled by 
the drill string to a surface station mounted on the 
earth's surface. A carrier wave is modulated by the 
data signal and is then applied to a transmitting coil 
wound on the bottom portion of the drill string to 
generate a magnetic flux signal induced in the drill 
string material. The magnetic flux signal is picked up 
as an electric signal at a coil disposed around an 
exposed end of the drill string on the earth's surface. 
^ The electric signal is equivaient to the modulated 
^signal and is demodulated so that the data signal 
05 can be obtained on the earth's surface. The obtained 
fSdata signal is recorded in a recorder and is pro- 
Wcessed in a data pTCTcessor for controlling well drill- 
COing operation. When a plurality of sensors are dis- 
posed at the well bottom, a sensor selecting signal is 
*^ transmitted to the bottom as a similar magnetic flux 
O signal through the drill string material. 
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WELL DATA TRANSMISSION SYSTEM USING A MAGNETIC DRILL STRING FOR TRANSMITTING DATA AS 

A MAGNETIC FLUX SIGNAL 



Background of the Invention 
1) Field of the Invention 

The present invention relates to a data trans- 
mission system for use in telemetry of well drilling 
parameters such as pressure, temperature, salinity, 
direction of well bore, bit conditions, and other well 
logging parameters from well bottom to surface of 
the earth, and in particular, to such a system useful 
for a logging while drilling apparatus for logging a 
well while the well is being drilled. 



2) Description of the Prior Art 

In drilling a well such as an oil well by use of a 
drill string, the well drilling parameters are sensed 
at the well bottom and are transmitted to surface of 
the earth. 

As a known well data transmission for transmit- 
ting data sensed at the well bottom to the surface 
of the earth, an electric signal is often used as 
shown in U.S. Patent No. 2.354.887 (Reference 1) 
issued to Silverman et al. Reference 1 discloses a 
data transmitting system wherein a data signal hav- 
ing a varying frequency dependent on the con- 
ductivity of the lithospheric layers induces by 
means of a coil and a core electric currents varying 
frequency. The electric currents are transmitted to 
the earth's surface through a drill string conductor 
path and the surrounding lithospheric layers. As 
systems for transmitting data as electric currents, 
reference is made to U.S. Patents No. 4.057.781 
(Referehce 2) issued to Scherbatskoy and 
4,181.014 (Reference 3) issued to Zuvela et al. 

In systems using electric currents for transmit- 
ting data, the electric currents are attenuated dur- 
ing transmitting the lithospheric layers because of 
variation of its conductivity, so that S/N (signal to 
noise ratio) degrades considerably. In use of the 
drill string as the electric cun-ent transmission line, 
a difficulty exists in reliable electrical connection 
between adjacent interconnected pipes forming the 
drill string and also in electrical insulation from the 
surrounding lithospheric layers, so that it is difficult 
to obtain the electric cun-ents with a high S/N. 

Another known system uses an electromag- 
netic-wave as shown in U.S. Patent No. 4,087.781 
(Reference 4) issued to Grossi et al. In Reference 
4 a carrier wave is modulated by a data signal 
sensed at the well bottom and the modulated sig- 
nal is radiated from an antenna and is transmitted 



through the surrounding lithospheric layers to the 
earth's surface. In the system, the electromagnetic 
wave is also attenuated considerably during trans- 
mission through the lithospheric layers, so that a 

5 high S/N cannot be insured. As other references 
disclosing systems using the electromagnetic 
wave. U.S. Patents No. 3.967,201 (Reference 5) 
issued to Rorden. No. 4.090.135 (Reference 6) 
issued to Farstad et al. and No. 4.160.970 

70 (Reference 7) issued to Nicolson. 

U.S. Patent No. 4.023.136 (reference 8) issued 
to Umensdorf et al discloses a system having a 
coaxial line formed in the drill string for transmitting 
the electromagnetic wave therethrough. This sys- 

,5 tem is complicated in structure for forming the 
coaxial line. 



Summary of the Invention 
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It is an object of the present invention to pro- 
vide a well data transmission system which enables 
to reliably transmit, with a high S/N, the data 
sensed at the well bottom to the earth's surface by 
25 use of a magnetic drill string material as a data 
transmission line. 

It is another object of the present invention to 
provide a well telemetry system for sensing and 
logging the drilling parameters during drilling the 
30 well wherein data signal of drilling parameters 
sensed at the well bottom is transmitted as a 
magnetic flux signal to the earth's surface through 
a magnetic drill string material. 

It is still another object of the present invention 
3S to provide a well telemetry system for sensing and 
logging the drilling parameters during drilling the 
well wherein a sensor selecting signal is transmit- 
ted as a magnetic flux signal from the earth's 
surface to the well bottom through a magnetic drill 

40 string material. 

A well data transmitting system is used m 
transmission of a data signal representative of drill- 
ing parameters sensed at a bottom of the well to 
. an earth's surface, the system comprising a down- 

45 hole unit disposed at the well bottom for sensing 
the drilling parameters and a surface station dis- 
posed on the earth's surface. According to the 
present invention, the data transmitting system 
comprises a tubular drill string being disposed in 

50 the well formed by the drill string and being made 
of magnetic permeable material. The drill stnng has 
an upper portion exposed above the earth's surface 
and a bottom end portion. The downhole unit is 
disposed in the bottom end portion of the drill 
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rny d uaniyi wavo ul a pruUetyrrnined frequency, 
modulating means for modulating the carrier wave 
by the data signal to produce a modulated electric 
signal, a transmitting coil wound on the bottom end 
portion of the drill string and coupled to the modu- 
lating means. The modulated signal flows through 
the transmitting coil to thereby induce a magnetic 
flux signal flowing through the magnetic permeable 
material of the drill string. A power source is con- 
tained in the downhole unit for supplying an elec- 
tric power to the oscillating means and the modu- 
lating means. The surface station comprises a re- 
ceiving coil wound on the exposed end of the drill 
string. A received electric signal is induced on the 
receiving coil by the magnetic flux signal flowing 
through the magnetic permeable material of the 
drill string and the received electric signal is equiv- 
alent to the modulated signal. Detecting means is 
coupled with the receiving coil for detecting the 
data signal from the received electric signal. 

According to the present invention, a well te- 
lemetry system for sensing and logging the drilling 
parameters during drilling the well by a drill string 
is obtained which system comprises the drill string 
being pipe means made of magnetic permeable 
material and having bottom end portion adjacent a 
bottom of the well and an upper portion exposed 
above the earth's surface, a downhole unit moun- 
ted in the bottom end portion of the drill string, and 
a surface station mounted on the earth's surface. 
The downhole unit comprises first oscillating 
means for oscillating a first carrier wave of a pre- 
determined first carrier frequency, sensing means 
for sensing at least one of well logging parameters 
to provide a sensed data signal, first modulating 
means for modulating the first carrier wave by the 
sensed data signal to produce a first modulated 
electric signal, and a first transmitting coil wound 
on the bottom end portion of the drill string and 
coupled to the first modulating means. The first 
modulated signal flows through the first transmitting 
coil to thereby induce a first magnetic flux signal 
flowing through the drill string pipe material. The 
downhole unit contains a power source for sup- 
plying an electric power to the first oscillating 
means, the sensing means, and the first modulat- 
ing means. The surface'^station comprises a first 
receiving coil wound on the exposed end of the 
drill string. A first received electric signal is in- 
duced on the first receiving coil by the first mag- 
netic flux signal flowing through the drill string pipe 
material and the first received electric signal is 
equivalent to the first modulated signal. A first 
detecting means is coupled with the first receiving 
coil for detecting the sensed data- signal from the 
first received electric signal. 

In order to supply a sensor selecting signal 



surface station can De provided with means for 
producing a sensor selecting signal, second os- 
cillating means for oscillating a second carrier wave 
5 of a predetermined second carrier frequency, sec- 
ond modulating means for modulating the second 
carrier wave by the sensor selecting signal to pro- 
duce a second modulated signal, and second 
transmitting coil wound on the exposed end of the 
10 drill string and coupled with the second modulating 
means. The second modulated signal flows through 
the second transmitting coil to thereby induce a 
second magnetic flux signal flowing through the 
drill string pipe material. The downhole unit also 

/5 can be provided with a second receiving coil 
wound on the bottom end portion of the drill string. 
A second received electric signal is induced on the 
second receiving coil by the second magnetic flux 
signal flowing through the drill string pipe material. 

20 A second detecting means is coupled with the 
second receiving coil for detecting the sensor se- 
lecting signal from the second received electric 
signal. The sensing moans comprises a plurality of 
different sensor elements for sensing different log- 

25 ging parameters, respectively, and selecting means 
coupled with the second detecting means for per- 
mitting a selected one of the plurality of sensor 
elements to can7 out the sensing operation in 
response to the detected sensor selecting signal. 

30 Thus, the sensing means produces, as the sensed 
data signal, a data signal sensed by the selected 
one of the plurality of sensor elements. 

The power source in the downhole unit may be 
an electric cell. 

35 The surface station may have a recording 

means for recording the detected data signal. Fur- 
ther, the surface station may have a processor for 
processing the detected data signal so as to dis- 
play the data on a display unit and/or to use the 

40 data for controlling well drilling operation. 

Brief Description of the Drawings 

45 Rg. 1 is a schematic cross-sectional view of 

the lithospheric layers in which a well is formed by 
a drill string together with a well data transmission 
system according to an embodiment of the present 
invention: 

50 Ftg. 2 is an enlarged sectional view of a 

bottom end portion of the drill string shown in Rg. 
1: 

Rg. 3 is a block diagram view of a downhole 
unit shown in Rg. 1; and 
55 Rg. 4 is a block diagram view of a surface 

station shown in Rg. 1. 
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Description of the Preferred Embodiments 

Referring to Fig. 1. a drilling rig 11 is mounted 
on the earth's surface 12. A tubular drill string 13 
downwardly extends from the drilling rig 11 into the 
lithospheric layers 14 of the earth to form a well. 
The drill string 13 comprises a number of intercon- 
nected pipes made of magnetic penneable. hard, 
and strong material, for example, steel pipes, and a 
drill collar 13a including a drill bit 15 at an extend- 
ing end at a bottom end of the well. The drill string 
13 has a portion 13b exposed above the earth's 
surface 12. The exposed portion 13b is connected 
to a known rotary and driving apparatus (not 
shown) mounted on the rig 11 and is rotated and 
driven downwardly by the apparatus so as to drill 

the well. . .u J 11 

A downhole unit 16 is mounted in the dnii 
string 13 near the drill bit 15. for example, in a pipe 
13c adjacent and just above the drill collar 13a. 
The downhole unit 16 is for sensing well dniling 
parameters such as pressure, temperature, salinity, 
direction of well bore, and bit conditions and for 
transmitting the sensed data to a surface station 17 
mounted on the earth's surface. 

The downhole unit 16 is provided with a coil 
unit 18 which is fixedly mounted on the outer 
surface of the pipe 13c. While, the surface station 
17 Is also provided with a coil unit 19 which is 
fixedly mounted on the rig 11 and is disposed 
around" the exposed end 13b of the drill stnng 13. 
Each of the coil units 18 and 19 comprises a 
transmission coil and receiving coil as will be de- 
scribed hereinafter in connection with Figs. 3 and 
4. 

Referring to Rg. 2. the downhole unit 16 com- 
prises a water tight casing of a stainless steel in 
which electric circuits and an electric cell are 
housed. The downhole unit 16 is fixedly supported 
within the pipe 13c by supports. I3d of insulating 
material or stainless steel. The pipe 13c is formed 
with an outer annular groove I3e in the outer 
surface of the pipe 13c. The coil unit 18 is wound 
in the groove 13e and is cured by a plastic resin 
over which a stainless steel cover I3f is wound. 
The coil 18 is of an insulated wire and the wire 
leads are introduced into the downhole unit 16 
through the pipe 13c and supports I3d as shown at 
18a and 18b in the figure. Two depressions I3g 
are formed in the inner surface of the pipe 13 at a 
lower position of the downhole unit 16. Sensor 
elements 21a. 21 b. and 21c are mounted in the 
depressions 13g. 

Referring to Rg. 3. the downhole unit 16 com- 
prises a power source 20 for supplying an electnc 
power to various electric circuits in the unit 16 and 
a sensing circuit 21. As the power source 20. a 
proper electric cell is used by selecting one from 



various primary and secondary electric cells. The • 
sensing circuit 21 comprises a. plurality of sensor 
elements, for example, a temperature sensor such 
as a thermister. a pressure sensor such as a wire 

s strain gage, and a bit condition sensor such as a 
torque meter as shown at 21a. 21b. and 21c in 
Rgs 2 and 3. The sensing circuit 21 further com- 
prises a sensor selecting circuit 22 for selectively 
driving one of the sensor elements 21a. 21b. and 

10 21c in response to a sensor selecting signal which 
will later be described. The sensing circuit 21 pro- 
duces a sensed data signal representative of data 
sensed by the selectively driven sensor 21a. 21b. 

or 21c. ...» 

,5 The downhole unit 16 further compnses a first 

oscillating circuit 22 for oscillating a first carrier 
wave of a predetermined first carrier frequency, for 
example, 10 kHz. The first carrier wave is modu- 
lated by the sensed data signal from the sensing 

20 circuit 21 at a first modulating circuit 23 to produce 
a first modulated signal. The first modulated signal 
is power-amplified at a first transmitting circuit 24 
from which the first modulated signal is supplied to 
a first transmitting coil 18a of the coil unit 18. 

25 When the first modulated signal flows through 
the first transmitting coil 18a. a first magnetic flux 
signal is induced and flows through the steel ma- 
terial of the drill string 13. The first magnetic flux 
signal further emits from an exposed end of the 

30 drill string 13 into the atmosphere and return to the 
bottom portion of the drill string 13 through the 
lithospheric layers 14. The magnetic fluxes flowing 
through the atmosphere and the lithospheric layers 
1 4 are shown at <t> in Rg. 1 • 

35 Since the magnetic flux having the first carrier 
frequency flows through the coil unit 19. an electric 
signal is induced on the coil unit 19 as a first 
received signal which is equivalent to the first mod- 
ulating signal. 

40 Although the magnetic fluxes leak into the 
lithospheric portions from various side wall portions 
on the way to the exposed end potion 13b from the 
bottom end portion I3c along the drill string 13 as 
leakage magnetic flux shown at in Rg. 1. the 

45 leakage is very small because the magnetic per- 
meability of the drill string 13 is larger than that of 
the litiiospheric layers 14. Further, even if a small 
magnetic gap exists at each interconnection point 
of adjacent pipes of the drill string 13. leakage of 

50 the magnetic fluxes is small, so that «ie major of 
the magnetic flux signal reliably flows through the 
coil unit 19. Therefore, the S/N of the signal to be 
transmitted through the drill string 13 is maintained 
high. 

55 Referring to Rg. 4, the surface station 17 com- 
prises a first receiving circuit 30 coupled to the first 
receiving coll 19b of the coil unit 19. The first 
received signal induced on the first receiving coil 
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amplified thereat. Then, the first received signal is 
. filtered through a first electric filter 31 having a 
center frequency equal to the first carrier frequency 
of 10 kHz and is applied to a first detecting circuit 
32. Accordingly, any noise is eliminated at the filter 
31. The first detecting circuit 32 detects the sensed 
data signal from the first received, signal. The de- 
tected data signal is applied to a recording appara- 
tus 33 and is recorded on a recording medium, 
such as a recording paper, in the recording appara- 
tus 33. 

The surface station 17 further comprises an 
interface circuit 34 through which the detected data 
signal is applied to a processor 35. The processor 
35 receives the detected data which is, in turn, 
displayed on a cathode ray tube (CRT) accom- 
panied with the processor 35. 

Therefore, the well drilling parameters can be 
readily known at the surface station and the rotary 
and driving apparatus can therefore be controlled 
in the optimum conditions in dependence on the 
known drilling parameters. 

In order to selectively drive one of the plurality 
of sensors 21a-21c. a sensor selecting signal is 
supplied from the processor 35 to the downhole 
unit 16. 

To this end, the surface station 1 7 comprises a 
second oscillating circuit 36 for oscillating a second 
carrier wave of a second carrier frequency of. for 
example, 5 kHz. The second carrier wave is modu- 
lated by the sensor selecting signal at a second 
modulating circuit 37 to produce a second modu- 
lated signal which is. in turn, power-amplified at a 
second transmitting circuit 38, then applied to the 
second transmiission coil 19a of the coil unit 19. 

When the second modulated signal flows 
through the second transmission coil. I9a, a second 
magnetic flux signal is Induced and flows in the 
steel pipe material of the drill string 13. As a result, 
an electric signal equivalent to the second modu- 
lated signal is also induced on the coil unit 18 as a 
second received electric signal. 

Now. returning to Fig. 3, the downhole unit 16 
further cornprises a second receiving circuit 25 
coupled with a second receiving coil 18b of the coil 
unit 18. The second received electric signal in- 
duced on the second receiving coil 18b is amplified 
at the second receiving circuit 25 and is filtered at 
a second electric filter 26 having a central fre- 
quency equal to the second carrier frequency of 5 
kHz. Accordingly, any noise is eliminated at the 
filter 26. The filtered signal is applied to a second 
detecting circuit 27 which detects the sensor se- 
lecting signal from the filtered signal equivalent to 
the second modulated signal. The sensor selecting 
signal is applied to the sensing circuit 21. 

The sensor selecting circuit 21 1 in the sensing 



uicuit ^\ selects one ol tno sensor eloments in 
response to the selecting signal, and the selected 
one of the sensors carries out its sensing operation 
to produce a sensed data signal, as described 
5 above. 

in the above-described operation, when the 
first magnetic flux signal flows through the steel 
. pipe material of the drill string 13, an electric signal 
is induced on the second receiving coil 18b of the 

10 coil unit 18. The induced electric signal is equiv- 
alent to the first modulated signal and is, therefore, 
attenuated at the second filter 26. In the similar 
manner, an electric signal is induced on the first 
receiving coll I9b of the coil unit 19 by the second 

fs magnetic flux, but it is also attenuated at the first 
filter 31. 

In the first or second modulating circuit 23 or 
37. various modulating methods can be employed. 
Preferably, PWM. PFM. or PCM is used for the 

20 modulation. 

In Fig. 3. when the sensed data signal from the 
sensing circuit 21 is a voltage signal, a voltage-to- 
frequency (V/F) converter 29 may be used as 
shown by a broken line box in Rg. 3 to convert the 

25 voltage signal into a frequency signal which is 
applied to the first modulating circuit 23 to modu- 
late the first carrier wave. In similar manner, when 
the sensor selecting signal from the interface 34 in 
Fig. 4 is a voltage signal, a V/F converter may be 

30 used as shown at 39 in Rg. 4 for converting the 
voltage signal into a frequency signal before sup- 
plied to the second modulating circuit 37. 

The above embodiments have been described 
in connection with a rotary type well drilling ap- 

35 paratus wherein the drill string is rotated during 
drilling, it will be understood by those skilled in the 
art that the present invention can be applied to a 
non-rotary type well drilling apparatus wherein a 
drill string having a com shape end is forced into 

40 the lithospheric layers by a downward pressing 
force. 



Claims 

45 

1. A well data transmitting system for use in 
transmission of a data signal representative of drill- 
ing parameters sensed at a bottom of the well to 
an earth's surface, said system comprising a down- 
so hole unit disposed at the well bottom for sensing 
the drilling parameters and a surface station dis- 
posed on the earth's surface, which comprises: 

a tubular drill string being disposed in the well 
formed by the drill string and being made of mag- 
55 netic permeable material, said drill string having an 
upper portion exposed above the earth's surface 
and a bottom end portion; 

said downhole unit being disposed in said 
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bottom end portion of said drill string and said 
downhole unit comprising: 

oscillating means for oscillating a canrier wave 
of a predetermined frequency; 

modulating means for modulating said carrier 
wave by said data signal to produce a modulated 
electric signal: 

a transmitting coil wound on said bottom end 
portion of said drill string and coupled to said 
modulating means, said modulated signal flowing 
through said transmitting coil to thereby induce a 
magnetic flux signal flowing through said magnetic 
permeable material of said drill string; 

a power source for supplying an electric power 
to said oscillating means, and said modulating 
means; 

said surface station comprising: 
a receiving coil disposed around said upper 
portion of the drill string, a received electric signal 
being induced on said receiving coil by said mag- 
netic flux signal flowing through said magnetic per- 
meable material of said drill string, said received 
electric signal being equivalent to said modulated 

signal: and . . 

detecting means coupled with said receiving 
coil for detecting said data signal from said re- 
ceived electric signal. . 

2. A well telemetry system for sensing and 
logging the drilling parameters during drilling the 
well by a drill string, which comprises: 

said drill string being pipe means made of 
magnetic permeable material, said drill string hav- 
ing a bottom end portion adjacent a bottom of said 
well and an upper portion exposed above the 

earth's surface; 

a downhole unit mounted in said bottom end 
portion'of said drill string and comprising: 

first oscillating means for oscillating a first 
carrier wave of a predetermined first carrier fre- 
quency; , ,, 
sensing means for sensing at least one of well 
logging parameters to provide a sensed data sig- 
nal; .... . 

first modulating means for modulating said first 
carrier wave by said sensed data signal to produce 
a first modulated electric signal: 

a first transmitting coil wound on said bottom 
end portion of the drill string and coupled to said 
modulating means, said first modulated signal flow- 
ing through said first transmitting coil to thereby 
induce a first magnetic flux signal flowing through 
said drill string pipe material; and 

a power source for supplying an electric power 
to said first oscillating means, said sensing meats, 
and said first modulating means; 

a surface station mounted on the earths 
surface and comprising: 

a first receiving coil disposed around said 



upper portion of the drill string, a first received 
electric signal being induced on said first receiving 
coil by said first magnetic flux signal flowing 
through said drill string pipe material, said first 
5 received electric signal being equivalent to said 
first modulated signal: and 

first detecting means coupled with said first 
receiving coil for detecting said sensed data signal 
from said first received electric signal. 
10 3. A well telemetry system as claimed in Claim 
2. wherein said surface station further comprises: 
means for producing a sensor selecting signal; 
second oscillating means for oscillating a 
second carrier wave of a predetermined second 

75 carrier frequency; 

second modulating means for modulating said 
second carrier wave by said sensor selecting signal 
to produce a second modulated signal: and 

second transmitting coil disposed around said 

20 upper portion of the drill string and coupled with 
said second modulating means, said second modu- 
lated signal flowing through said second transmit- 
ting coil to thereby induce a second magnetic flux 
signal flowing through said drill suing pipe material; 

25 and wherein said downhole unit further 

comprises: . . u « 

second receiving coil wound on said bottom 
end portion of the drill string, a second received 
electric signal being induced on said second re- 
30 ceiving coil by said second magnetic flux signal 
flowing ttirough said drill string pipe material; 

second detecting means coupled witii said 
second receiving coil for detecting said sensor 
selecting signal from said second received electnc 

35 signal: 

said sensing means comprising a plurality ol 
different sensor elements for sensing different log- 
ging parameters, respectively, and selecting means 
coupled with said second detecting means for per- 
40 mitting a selected one of said plurality of sensor 
elements to carry out the sensing operation in 
response to said detected sensor control signal, 
said sensing means producing, as said sensed 
data signal, a data signal sensed by said selected 
45 one of said plurality of sensor elements. 

4. A well telemetry system as claimed in Claim 
3. wfierein said surface station further comprises 
first filter means having a pass band of a central 
frequency equal to said first carrier frequency and 
50 coupled with said first receiving coil means, said 
first filter means permitting said first received elec- 
tric signal to pass therethrough and to be applied 
to said first detecting means. 

5 A well telemetry system as claimed in Claim 
35 3. wherein said downhole unit further comprises 
second filter means having a pass band of a cen- 
tral frequency equal to said second earner fre- 
• quency and coupled with said second receiving 
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said second received electric signal to pass there- 
through and to be applied to said second detecting 
means. 

6. A well telemetry system as claimed in Claim 5 
2. wherein said power source in said downhole unit 

is an electric celL 

7. A well telemetry system as claimed in Claim 
2. wherein said surface station further comprises 
recording means coupled with said first detecting 10 
means for recording said sensed data signal 
thereinto. 

8. A well telemetry system as claimed in Claim 
2. wherein said surface station further comprises 
data processor means coupled with said first de- is 
tecting means for processing said sensed data. 
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